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(57) ABSTRACT

The 1invention relates to a control facility, and the associated
control method, for an energy storage battery (2) intended to
be coupled to an intermittent electrical production source for
providing an electrical energy network with a total electrical
power approximating a total power setpomt (Prod (T))
according to a production plan, the control facility (1) 1s
adapted for determining a reference trajectory of the state of
charge of the battery (SOC_rei(t)) on the basis of a modeling
of the battery (5) and of an optimized battery setpoint
(Pbatt(T)), said optimized battery power setpoint (Pbatt(1))
being determined on the basis of the total power setpoint
(Prod(T)), and the control facility (1) 1s adapted for imple-
menting a closed-loop regulation of the state of charge of the
battery so as to force the state of charge (SOC(t)) to follow
the reference trajectory of the state charge of the battery

(SOC_rel(t)).
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FACILITY FOR CONTROLLING AN
ENERGY STORAGE BATTERY

GENERAL TECHNICAL FIELD AND CONTEX'T
OF THE INVENTION

The present invention relates to the field of electrical
production, more precisely to a control central and the
associated method for controlling a power storage battery
intended to be coupled to a source of intermittent electrical
production to provide an electric power network with total
smooth electric power approaching a total power setpoint
according to a production plan announced 1in advance to the
network manager.

For several years now, energy production by means of
intermittent sources electrical production such as wind tur-
bine, photovoltaic, solar, etc. has been undergoing an
unprecedented surge. Such sources of intermittent electrical
production are generally grouped 1n farms, for example in
the case of a field of wind turbines or an array of photovol-
taic panels, and connected to an electric power network to
which they supply electricity. In this document, source of
intermittent electrical production shall designate both an
1solated source and a farm comprising a plurality of sources,
with centralised connection and management of production,
to the extent where the electric power network sees only one
clectrical production centre.

The inevitably random character of these energy sources
imposes rules particular to their exploitation, especially
smoothing and guarantee of their production according to a
plan announced 1n advance to the manager of the electrical
network to which they are connected, failing which and
despite the economic profit they can generate, their large-
scale 1ntegration would pose many problems.

In fact, production of sources of intermittent electrical
production 1s often poorly foreseen and their variations can
cause large diflerentials relative to the reference production
plan announced to the network manager. When the cumu-
lative power of these productions intermittent becomes
significant, 1t can 1mperil the supply-demand balance of the
clectrical system and destabilise the network, making them
unattractive for managers of this network.

In fact, the power generated by a source of intermittent
clectrical production, varying considerably from one day to
another, can also undergo major fluctuations in the space of
one hour or a few minutes, due to local meteorological
variations. For example, vanation in wind speed causes
variation in electric power produced by a wind turbine.
Similarly, sunshine directly influences the electrical produc-
tion of a photovoltaic panel, and passing clouds perturbs the
latter.

It 1s easily understood that if some variations can be
anticipated, for example by means of weather forecasting,
no model can provide in advance local vanation such as
passing clouds, a transitory and local phenomenon which
does however have major repercussions on the electrical
production of photovoltaic panels.

A potential solution to the problem of unpredictability of
clectrical production 1s brought by the use of power storage
means coupled to the mtermittent production source. These
storage means contribute both to intelligent management of
energy produced and to improvement in the quality of
supply. In allowing power storage, they especially enable a
range ol applications such as smoothing of production,
energy arbitrage, participation in system services, charge
transfer, relief of constraints on the electric distribution
network, etc.
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Today, several types of energy storage exist: electrostatic
(capacities), electromagnetic (superconductors), electro-
chemical (batteries and supercapacitors), gravity (hydraulic
storage), 1nertial (flywheel) pneumatic or even thermal.

Of these different technologies, storage by battery cur-
rently has major advantages of response speed and handling,
oflering more flexibility and stability for controlling instal-
lation of production constituted by the source of intermittent
clectrical production and the storage battery it 1s linked to,
as well as relatively high power and tong service life.
Heremnbelow power storage battery will be one or more
individual batteries connected together such that they are
controlled jointly as constituting only one storage battery
vis-a-vis their use.

The storage battery 1s used to store the energy produced
by the source of intermittent electrical production, and return
it to the network, as a function of need. Proper management
of these charge and discharge phases of the battery absorbs
the vanations in electrical production. It also better adapts
the power supplied to the network to the extent where
clectrical production of a source of mtermittent electrical
production 1s not easily adaptable. The use of a storage
battery can contribute to improving the predictability of
supply and stabilise the electrical production.

For power storage means such as a battery, the capacity
for absorbing the production differentials depends greatly on
its dimensioning and often needs large capacity. It 1s tempt-
ing to recommend the use of batteries having large power-
storage capacities. The majority of control techniques put
forward in the prior art supposes considerable storage
capacities.

However, to the extent where the running cost of a battery
1s closely linked to 1ts si1zing, a rise 1n the required capacity
ol a battery can considerably increase the cost of the system,
making it economically unviable.

Means of circumventing the problem of sizing 1s to better
plan the trajectory of the state of charge of the battery as a
function of uncertainties of projections. This can be done by
means ol stochastic optimisation algorithms.

These processes of the prior art are supposed to prevent

battery exhaustion, that 1s, 1ts complete discharge, and
battery saturation, that 1s, exceeding of its storage capacity.
These two situations transmit fluctuations in production of
the installation directly to the electric power network to
which the power 1s supplied, and, 1n the case of saturation,
a non-storable power loss deteriorates the yield of the
installation comprising the intermittent production source
and the storage battery.
The drawback to these stochastic management processes
1s the sub-use of the storage capacity available. This 1s also
the case of predictive control processes supposed to ensure
compromise between regulation of the state of charge at a
fixed setpoint and smoothing of production of the production
installation.

Some other applications utilise power storage batteries
which are not coupled to a power station of intermittent
clectrical production to supply an electric power network
with total electric power according to a production plan, but
are utilised by an electrical power consumer to optimise 1ts
clectricity consumption supplied by the electrical network,
especially as a function of parameters such as time variation
of the price of electricity.

For example, documents US2012/074909 and US2012/
249078 disclose such systems, in which the charging or
discharging of a battery is controlled as a function of criteria
such as the price of electricity or its ecological impact. It
should be noted that the battery 1s charged and discharged at
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maximal constant power, in an authorised range aimed at
maximising the life expectancy of the battery.

However, such systems cannot respond to the smoothing
requisite ol intermittent electrical production, or to the
guarantee of the electric power delivered at the point of
connection to the electrical network. They cannot therefore
be employed satisfactorily 1in a power station of intermittent
electrical production intended to supply an electrical net-
work with total power according to a production plan
announced to the manager of the network.

PR.

L1

SENTATION OF THE INVENTION

The invention hereinbelow presents an alternative to these
processes which are not entirely satisfactory, which 1s both
simple to carry out, inexpensive and enables good regulation
of the electrical production without needing large power
storage capacities to allow a power station of intermittent
power production to supply an electric power network with
total smooth electric power approaching a setpoint accord-
ing to a production plan announced in advance to the
manager ol the network.

The invention proposes a control central of a power
storage battery intended to be coupled to a source of
intermittent electrical production to supply an electric power
network with total electric power approaching a total power
setpoint according to a production plan announced 1n
advance to the manager of the network. The control central
1s adapted to determine a reference trajectory of the state of
charge of the battery from a model of the battery and an
optimised battery power setpoint, said optimised battery
power setpoint being determined from the total power
setpoint, and to perform regulation via closed-loop feedback
control of the state of charge of the battery to impose
tracking by the state of charge of the reference trajectory of
the state of charge of the battery.

Regulation via closed-loop feedback control of the state
of charge of the battery, activated 1n case of major drift of the
state of charge of the battery, adjusts the dynamic response
of the production installation by anticipating saturation or
exhaustion of the battery and maintains the smoothing of
total production of the installation.

The 1nvention 1s advantageously completed by the fol-
lowing different characteristics taken atone or according to
their different possible combinations:

the control central 1s adapted so that the total electric

power supplied to the network best approaches the total
power setpoint and avoids the drift of the state of
charge of the battery;

the control central 1s adapted so that regulation wvia

closed-loop feedback control of the state of charge is
carried out 1n case of drift of the state of charge of the
battery relative to the reference trajectory of the state of
charge;

the control central 1s adapted so that the drift of the state

of charge corresponds to exceeding a dead band defined
around a reference trajectory of the state of charge of
the battery;

the control central comprises regulation limitation means

via closed-loop feedback control of the state of charge
to the only follow-up of the reference trajectory of the
state of charge of the battery which move the state of
charge away from the limits of the battery;

regulation via closed-loop feedback control of the state of

charge inputs the reference trajectory of the state of
charge and the state of charge of the battery to provide
at output a closed-loop battery power setpoint;
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4

said control central controls the battery by means of an
instantaneous power command determined from:

a closed-loop battery power setpoint at output of the
regulation loop, and

an open-loop battery power setpoint corresponding to
the difference between the total production setpoint
and the instantaneous production of the source of
intermittent electrical production;

the total power setpoint follows a trajectory, and the

period of regulation via closed-loop feedback control of
the state of charge 1s less by least a hundred times
relative to the period of the trajectory followed by the
total power setpoint.

The invention also relates to an electrical production
installation comprising a power storage battery intended to
be coupled to a source of itermittent electrical production
to supply an electric power network with total electric power
approaching a total power setpoint according to a production
plan announced 1n advance to the manager of the network,
said 1nstallation comprising a control central according to
the mvention. Preferably, the installation also comprises a
source of mtermittent electrical production.

The invention also relates to a control method of a power
storage battery intended to be coupled to a source of
intermittent electrical production to supply an electric power
network with total electric power approaching a total power
setpoint according to a production plan announced 1n
advance to the manager of the network, 1n which a reference
trajectory of the state of charge of the battery 1s determined
from a model of the battery and an optimised battery power
setpoint, said optimised battery power setpoint being deter-
mined from the total power setpoint, and a regulation via
closed-loop feedback control of the state of charge 1s per-
formed to impose tracking by the state of charge of the
reference trajectory of the state of charge of the battery.

The method according to the invention 1s advantageously
completed by the following various characteristics consid-
ered singly or according to their different possible combi-
nations:

regulation via closed-loop feedback control of the state of

charge 1s performed in case of drnift of the state of
charge of the battery relative to a reference value of the
state of charge;

the drift of the state of charge corresponds to exceeding a

dead band defined around a reference value of state of
charge of the battery;

regulation via closed-loop feedback control of the state of

charge 1s limited to the only follow-up of the reference
trajectory of the state of charge of the battery which
move the state of charge away from the limits of the
battery.

The invention also relates to a computer program product
comprising program code instructions for execution of the
steps of the method according to the mvention, when said
program 1S run on a computer. Preferably, this computer
program product takes the form of a computer-readable
medium storing said program code 1nstructions.

PRESENTATION OF FIGURES

Other characteristics, aims and advantages of the mven-
tion will emerge from the following description which 1s
purely illustrative and non-limiting and which must be
considered with respect to the appended drawings, in which:

FIG. 1 1s a main diagram illustrating a control central
associated with 1ts battery according to a possible embodi-
ment of the invention;
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FIG. 2 1s a main diagram illustrating the regulation
closed-loop intervening in the system of FIG. 1.

DETAILED DESCRIPTION

In reference to FIG. 1, the electrical production installa-
tion comprises a control central 1 which controls the charge/
discharge electric power of a storage battery 2 by means of
an 1nstantaneous power command Pbatt(t), variable over
time. The storage battery 2 1s coupled to a source of
intermittent electrical production to supply an electric power
network with total electric power approaching a total power
setpoint Prod(T) according to a production plan announced
in advance to the manager of the network.

The control central 1 receives from an optimiser 3 a total
production plan constituted by a sequence of optimal set-
point of total production Prod(T), variable over time, with a
so-called intraday period T of a typical duration of 30
minutes. This total production plan 1s set up by means of
production projections, for example Ifrom meteorological
data, and other factors such as the charge plan of the network
manager, or the anticipation of power demand on the net-
work. The total production plan corresponds to the total
clectrical production of the production installation com-
posed of the electrical production of the intermittent source
and the power delivered by the battery 2. An 1deal installa-
tion should closely follow the total production plan.

The control central 1 receives an instantaneous measure-
ment of the real production of the intermittent source
Prod_1(t) and as a function of the latter adapts the power to
supply or consume by the battery 2 to ensure tracking of the
total production plan defined by the optimiser 3.

In fact, projection errors, uniforeseen weather perturba-
tions and natural fluctuations in production of the intermit-
tent source result 1n a gap between the electrical instanta-
neous production Prod_1(t) of the mmtermittent source and the
optimal setpoint of total power Prod(T) which must be
supplied to the electrical network, which must be compen-
sated by the battery 2, either by storage of the surplus power
produced, or by restitution of power stored in the battery 2.
So, the control central 1 calculates an open-loop battery
power setpoint Pbatt_BO(t), vanable over time, which
serves to determine an instantancous control of battery
power Pbatt(t), variable over time, for controlling the battery
2.

The open-loop battery power setpoint Pbatt_BO(t) corre-
sponding to the power control required of the battery 2 1s
therefore calculated open-loop at each 1nstant t by Pbatt_ BO
(t)=Prod(T)-Prod_1(t).

However, the only open-loop control of the power of the
battery can lead to exhaustion or the saturation of the battery
in case of excessive and/or too long differential between the
instantaneous electrical production Prod_{1(t) of the intermat-
tent source and the optimal setpoint of total production
Prod(T).

To best make use of the battery, the optimiser 3 also
determines an optimised battery power setpoint Pbatt(T),
variable over time, which 1s supplied to the control central
1. The optimised battery power setpoint Pbatt(T) corre-
sponds to a power storage plan which 1s determined by the
optimiser 3 for control of the battery 2 to best respond to the
total production plan, given the anticipated varnations in
production of the intermittent source, which the battery 2
must compensate.

For example, 1t can be provided that production of the
intermittent source will be msuflicient to ensure the electri-
cal production required over a given period, the power
storage plan can provide preventive storage of power prior
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6

to this given period to have, during said given period,
suilicient power to enable tracking of the total production
plan.

The role of the control central 1 1s to ensure during each
intraday period T tracking instantaneous of the optimal
setpoint of total power Prod(T). In an i1deal case, production
supplied by the mntermittent production source in real time 1s
equal to 1ts projection and tracking of the optimal setpoint of
total power Prod(T) 1s ensured by simple application of the
optimised battery power setpoint Pbatt(1), also calculated
by the optimiser 3.

However, here too, errors in projection, unforeseen
weather perturbations and natural fluctuations 1n production
of the mtermittent source can result in excessive gaps
between the electrical production of the intermittent source
and the production plan, resulting 1n exhaustion or saturation
of the storage battery 2. In this case, because the battery 2
cannot absorb fluctuations 1n electrical production, these are
transmitted to the network directly.

To avoid such situations, the control central 1 comprises
a module for maintaining charge MdC 4 coupled to a model
5 of the battery, the two operating 1n real time at a fixed
frequency and integrated into the classical optimisation
chain of setpoints of the battery, 1.e. the optimiser 3.

The main aim 1s to compensate errors in projections and
fluctuations in production and monitor and control the state
of charge of the battery 2 1n order to best avoid exhaustion
and saturation from leading to invalidity of the battery 2, that
1s, 1ts non-availability due to a lack or saturation of stored
power.

The control central 1 1s adapted to determine a reference
trajectory of the state of charge of the battery SOC_rei(t)
from a model 5 of the battery and an optimised battery
power setpoint Pbatt(T), said optimised battery power set-
point Pbatt(1) being determined from the total power set-
point Prod(T).

The model 5 of the battery translates the relation and the
constraints between the power required of the battery 2
(when charging or discharging) and the charge the latter
must have to respond. The model 5 of the battery inputs the
optimised battery power setpoint Pbatt(1T) and at output
supplies a reference trajectory of the state of charge SOC_ref
(1).

The reference trajectory of the state of charge SOC_rei(t)
of the battery 2 1s a temporal sequence of reference values
of said state of charge SOC(t). This reference trajectory of
the state of charge SOC_rel(t) represents the evolution of the
battery charge which must be followed so that the battery 2
can respond to power requirements for tracking the opti-
mised battery power setpoint Pbatt(T).

From the point of view of the state of charge of the battery
2, the open-loop battery power setpoint Pbatt_BO(t), difler-
ent from the optimised battery power setpoint Pbatt(T), 1s
seen as a disturbance which results in deviation from the
state of charge SOC(t) relative to 1ts reference trajectory of
the state of charge SOC_reli(t). The latter 1s calculated by a

simplified model of the battery as a function of the provided
production Pbatt(T) for the intraday period T 1n progress:

SOC_ref(r) = SOC_ref(r — 1) + Te(l / npgeep, Patr™ (T) + n.p, - Pbart (T))

with
Pbart(TY 1t Pbam(T) > 0
Pbarr™ (T) = ) _ )
0 1t Pbar(T) <0
and



US 9,735,603 B2

7

-continued
Pbar(T) if Pbar(T) < 0

Pbart (T) =
&) { 0 1t Pbar(T) = 0

where 1, and m ., are respectively the charge and dis-
charge vield of the battery 2 and Te 1s the sampling period
of the model 5 of the battery. The model 5 of the battery 1s
a simplified model given purely by way of illustration, of the
most complex and reliable battery models which can be
envisaged, 1n which the reference trajectory of the state of
charge SOC_ref(t) at output 1s not expressed linearly as a
function of the charge or discharge power.

However, compensation of production differentials of the
source of production relative to 1ts projection can engender
deviations from the state of charge SOC(t) relative to 1ts
optimised trajectory SOC_ref(t), which cumulatively can
lead the state of charge SOC(t) to 1ts limits of exhaustion or
saturation of the battery 2. In such cases, since the battery 2
can no longer charge or discharge, tfluctuations 1n production
of the intermittent source will be directly transmitted to the
clectricity network.

To avoid these situations, the control central 1 1s adapted
to carry out regulation via closed-loop feedback control of
the state of charge SOC(t) to impose tracking of the refer-
ence trajectory of the state of charge of the battery SOC_ref
(t). This regulation via closed-loop feedback control of the
state of charge SOC(t) 1s employed 1n case of drift of the
state of charge of the battery relative to the reference
trajectory of the state of charge of the battery SOC_rei(t), the
driit of the state of charge corresponding to exceeding a dead
band defined around a reference value of state of charge
SOC(t) of the battery 2.

The control central 1s adapted so that the total electric
power supplied to the network best approaches the total
power setpoint Prod(1) and avoids the drift of the state of
charge SOC(t) of the battery.

Indeed, deviation from the state of charge SOC(t) of the
battery 2 relative to 1ts reference, tolerated for average levels
of charge, becomes problematic for levels near the storage
limits of the battery 2, and can result in exhaustion or
saturation of the battery 2. In fact, such a situation causes
transmission of fluctuations of the mntermittent production
source to the electrical network, the battery 2 being inca-
pable of compensating the latter.

This 1s why regulation via closed-loop feedback control of
the state of charge SOC(t) 1s activated 1n case of exceeding,
by the state of charge SOC(t) a dead band defined around a
reference value of state of charge SOC(t) of the battery 2.
This reference value 1s preferably its average value, and the

dead band 1s defined with hysteresis about this average value
defined by:

SOC_sup + SOC_inf

SOC_moy = 5

where SOC_sup and SOC_inf are respectively the upper and
lower limits of the state of charge SOC(t).

Preferably, the upper and lower limits of the state of
charge are updated as a function of history of the state of
charge SOC(t) to consider the variations of the physical
storage limits of the battery 2.

This regulation wvia closed-loop feedback control 1s
responsible for regulating the state of charge SOC(t) to
tollow the reference trajectory SOC_ref('T) by dynamically
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correcting the instantaneous power control Pbatt(t) for
charging or discharging by the battery 2. For a low state of
charge (respectively high), the positive (respectively nega-
tive) differentials between the measured state of charge
SOC(t) and 1ts reference trajectory SOC_ret(1) are toler-
ated, and only the negative (respectively positive) difleren-
tials are compensated. Exhaustion and saturation are
avoilded by forcing tracking of the reference trajectory of the
state of charge SOC_rei(t) determined by means of model 5
of the battery and the setpoints sent by the optimisers.

This 1s done by means of a transitory response of the
battery 2 the dynamic performance of which (response time,
exceeding, steady-state diflerential, etc.) 1s controlled by the
adjustable configuration parameters. This real-time regula-
tion functions at a sampling period of the order of a second
(between 1 and 10 seconds), fixed as a function of the
frequency of acquisition and treatment of measurements.

In contrast, the total power setpoint Prod(1) and the
optimised battery power setpoint Pbatt(T) have a much
longer sampling period, at least by a factor of ten or hundred.
Typically, this sampling period 1s at least 30 minutes. In fact,
these setpoints result from daily and intraday optimisation
mechanisms, but are not instantaneous. T designates the
instants corresponding to at least intraday sampling levels,
and t the mnstants corresponding to instantaneous sampling
levels, of the order of 1 to 10 seconds.

Therefore, the total power setpoint Prod(T) follows a
trajectory, and the period of regulation via closed-loop
teedback control of the state of charge 1s less by at least a
hundred times relative to the period of trajectory followed
by the total power setpoint Prod (T).

FIG. 2 illustrates a possible embodiment of the regulation
performed 1n the charge maintenance module 4. Instanta-
neous measuring of the state of charge SOC(t) of the battery
2 1s acquired or supplied to the charge maintenance module
4. The state of charge SOC(t) 1s compared to the reference
trajectory of state of charge SOC_reli(t) according to:

e=SOC_ref(#)-SOC(1r)

The resulting diflerential € 1s taken into consideration
only as a function of the level of the state of charge SOC(t)
relative to an average level enclosed by a dead band.

The control central 1 carries out diflerent treatment for
tracking reference trajectory of the state of charge of the
battery SOC_rei(t) which moves the state of charge SOC(t)
away Irom the limits of the battery 2, and for tracking
reference trajectory of the state of charge of the battery
SOC_reli(t) which approaches the state of charge SOC(t) of
the limits of the battery 2. In the first case, regulation via
closed-loop feedback control of the state of charge SOC(t)
1s used, while 1n the second case regulation via closed-loop
teedback control of the state of charge 1s not used.

In the embodiment illustrated, the diflerential € between
the reference trajectory of state of charge SOC_rei(t) and the
state of charge SOC(t) 1s supplied to two threshold devices
6, 7, which transmit only the negative or positive difleren-
tials € respectively. These two threshold devices 6, 7 con-
stitute limitation means of regulation via closed-loop feed-
back control of the state of charge SOC(t) to the only
tollow-up of the reference trajectory of the state of charge of
the battery SOC_ref(t) which move the state of charge
SOC(t) away from the limits of the battery.

A switch 8 completes switching between the threshold
devices 6, 7 and a disconnected state, as a function of the
state of charge SOC(t), to send either the positive differen-
tials 1n case of connection with the threshold device 6, or the
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negative diflerentials in case of connection with the thresh-
old device 7, or nothing, to the Proportional-Integral cor-
rector 9.

In the event where the state of charge of the battery

SOC(t) 1s within a dead band centred on an average value of 5

the state of charge SOC_moy, the switch 8 sends no differ-
ential (central position 1n FIG. 2).

In the event where the state of charge SOC(t) of the
battery 1s greater than a high limit corresponding to exceed-
ing by the upper limit of the dead band centred on the
average value of the state of charge SOC_moy, the switch 8
sets up a connection between the threshold device 6 and the
corrector 9. This 1s the configuration illustrated by FIG. 2.
The battery 2 1s close to saturation, and threatens to no
longer being capable of ensuring 1ts compensation rote, due
to the impossibility of absorbing extra power.

The threshold device 6 lets through only the negative
differentials €, the others being reset to zero, the corrector 9
has non-zero entries only when the state of charge of the
battery SOC(t) 1s greater than the reference trajectory
SOC_rei(t). In this case, regulation performed by the cor-
rector 9 aims at steering the state of charge SOC(t) towards
the charge trajectory SOC_reli(t), which 1s less, which cor-
responds to a drop 1n power stored 1n the battery 2.

Inversely, if the state of charge of the battery SOC(t) 1s
less than the reference trajectory SOC_reli(t), the differential
e 1s positive, and due to the threshold device 6 the corrector
receives a zero entry such that no correction 1s made.

In this way, for an excessively high state of charge of the
battery, the positive differentials € between the charge tra-
jectory SOC_ref(t) and the state of charge SOC(t) are
tolerated, while the negative differentials € are compensated.

When tracking of the reference trajectory SOC_rei(t)
causes a power storage demand on the battery 2, that is,
when the differential € 1s positive, this follow-up 1s not
ensured. But when tracking of the reference trajectory
SOC_rei(t) causes a drop 1n power stored 1n the battery 2,
that 1s, when the differential 1s negative, tracking of the
reference trajectory SOC_ref(t) moves the state of charge
away Irom the physical storage limits, and therefore con-
serves the capacity of the battery 2 to absorb fluctuations.

In the same way, 1n the event where the state of charge
SOC(t) of the battery 1s less than a low limit corresponding
to exceeding by the lower limit of a dead band centred on an
average value of the state of charge SOC_moy, the switch 8
sets a connection between the threshold device 7 and the
corrector 9. The battery 2 1s deeply discharged, and threatens
to be no longer capable of ensuring 1ts role of compensation,
by tack of stored power.

The threshold device 7 lets through only positive differ-
entials €, the others being reset to zero, the corrector 9 has
non-zero entries only when the state of charge of the battery
SOC(1) 15 less than the reference trajectory SOC_ref(t). In
this case, regulation performed by the corrector 9 aims at
steering the state of charge SOC(t) towards the charge
trajectory SOC_rel(t), which 1s greater, which corresponds
to a rise 1n power stored 1n the battery 2.

Inversely, 1f the state of charge of the battery SOC(1) 1s
greater than the reference trajectory SOC_rel(t), the difler-
ential € 1s negative, and due to the threshold device 7 the
corrector receives a zero entry such that no correction 1s
made. So, for an excessively low state of charge of the
battery, the negative differentials € between the charge
trajectory SOC_rei(t) and the state of charge SOC(t) are
tolerated, while the positive differentials € are compensated.

In this way, when tracking of the reference trajectory
SOC_rei(t) causes a demand in power on the battery 2, that
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1s, when the differential 1s negative, this tracking 1s no longer
ensured. But, when tracking of the reference trajectory
SOC_reli(t) causes a rise 1n the power stored 1n the battery
2, that 1s, when the differential 1s positive, tracking of the
reference trajectory SOC_ref(t) moves the state of charge
away Irom the physical storage limits, and therefore con-
serves the capacity of the battery 2 to absorb fluctuations.

Such an approach prevents drift of the state of charge
SOC(t) to the physical storage limits (low and high).

The corrector 9 calculates a closed-loop battery power
setpoint (Pbatt_BF(t)), which 1s added to the open-loop
battery power setpoint (Pbatt_BO(t)) to give the instanta-
neous battery control Pbatt(t), which 1s applied to the battery
2 to control 1t. So, the control central controls the battery 2
by means of an instantaneous power command Pbatt(t)
determined from:

a closed-loop battery power setpoint Pbatt_BF (1) at output

of the regulation loop, and

an open-loop battery power setpoint Pbatt_BO(t) corre-

sponding to the difference between the total production
setpoint Prod(1) and the instantancous production
Prod_1(t) of the source of intermittent electrical pro-
duction.

The corrector 9 used for regulation of the state of charge
SOC(1) 1s a Proportional-Integral filter (PI) which adjusts the
transitory performance of the “anticipative” reaction.

The two parameters K, (proportional gain) and K, (inte-
gral gain) of the corrector 9 determine the response time and
the passband of the loop system as well as amplitude of the
closed-loop battery power setpoint (Pbatt BF(t)). The
higher K, and K, are, the faster the reaction despite a
high-amplitude control. The eflfect of variations of the open-
loop battery power setpoint Pbatt_ BO(t) on the closed-loop
battery power setpoint Pbatt_BF(t), by suite on the total
power supplied to the network, 1s less filtered.

However and for low values of K, and K,, the effect of
variations of the open-loop battery power setpoint Pbatt_ BO
(t) on the closed-loop battery power setpoint Pbatt BF(t) 1s
negligible but the response time of the reaction 1s longer.
These parameters are regulated as a function of the preferred
response, the frequency of variations of Pbatt_ BO(t) which
are directly linked to fluctuations in production of the source
of mtermittent electrical production and the demands of the
user of the battery 2 1n terms of stresses of the battery 2 and
service life.

The invention also relates to an electrical production
installation comprising a power storage battery 2 intended to
be coupled to a source of intermittent electrical production
to follow a total power setpoint, said installation comprising,
a control central 1 according to the invention. Preferably, the
installation also comprises a source of intermittent electrical
production.

The invention also relates to a method for controlling the
storage battery as per the implementation of the control
central according to the invention.

The mnvention claimed 1s:

1. A control central of a power storage battery intended to
be coupled to a source of intermittent electrical production
for supplying an electric power network with total electric
power approaching a total power setpoint according to a
production plan announced 1n advance to the manager of the
network, said power storage battery having a state of charge,

wherein the control central 1s adapted to determine a

reference trajectory of the state of charge of the power
storage battery from a model of the power storage
battery and an optimised setpoint of battery power, said
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optimised battery power setpoint being determined
from the total power setpoint, and

wherein the control central 1s adapted to perform regula-

tion via closed-loop feedback control of the state of
charge of the power storage battery to impose tracking,
by the state of charge of the power storage battery, of
the reference trajectory of the state of charge of the
power storage battery.

2. The control central according to the claim 1, said
central being adapted so that the total electric power sup-
plied to the network best approaches the total power setpoint
and avoids driit of the state of charge of the power storage

battery.

3. The control central according to claim 1, said central
being adapted so that regulation via closed-loop feedback
control of the state of charge of the power storage battery 1s
performed in case of drift of the state of charge of power
storage the battery relative to the reference trajectory of the
state of charge of the power storage battery.

4. The control central according to the claim 3, said
central being adapted so that the drift of the state of charge

of the power storage battery corresponds to exceeding a
dead band defined around a reference trajectory of the state
of charge of the power storage battery.

5. The control central according to claim 1, comprising
regulation limitation means via closed-loop feedback con-
trol of the state of charge of the power storage battery to the
only follow-up of the reference trajectory of the state of
charge of the power storage battery which move the state of
charge charge of the power storage battery away from the
limits of the power storage battery.

6. The control central according to claam 1, wherein
regulation via closed-loop feedback control of the state of
charge of the power storage battery inputs the reference
trajectory of the state of charge of the power storage battery
and the state of charge of the power storage battery to supply
at output a closed-loop battery power setpoint.

7. The control central according to claim 1, said control
central controlling the power storage battery by means of an
instantaneous power command determined from:

a closed-loop battery power setpoint at output of the

regulation loop, and

an open-loop battery power setpoint corresponding to the

difference between the total production setpoint and the
instantaneous production of the source of intermittent
clectrical production.

8. The control central according to claim 1, wherein the
total power setpoint follows a trajectory, and the period of
the regulation closed-loop of the state of charge of the power
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storage battery 1s less by at least a hundred times relative to
the period of the trajectory followed by the total power
setpoint.

9. An electrical production installation comprising a
power storage battery intended to be coupled to a source of
intermittent electrical production to supply an electric power
network with total electric power approaching a total power
setpoint according to a production plan announced 1n
advance to the manager of the network, said power storage
battery having a state of charge,

wherein said installation comprises a control central,

wherein the control central 1s adapted to determine a
reference trajectory of the state of charge of the power
storage battery from a model of the power storage
battery and an optimised setpoint of battery power, said
optimised battery power setpoint being determined
from the total power setpoint, and

wherein the control central 1s adapted to perform regula-

tion via closed-loop feedback control of the state of
charge of the power storage battery to impose tracking,
by the state of charge of the power storage battery, of
the reference trajectory of the state of charge of the

power storage battery.
10. The electrical production installation according to the

claim 9, further comprising a source of intermittent electrical
production coupled to the power storage battery.
11. A method for controlling a power storage battery
intended to be coupled to a source of intermittent electrical
production to supply an electric power network with total
clectric power approaching a total power setpoint according
to a production plan announced 1n advance to the manager
of the network, said power storage battery having a state of
charge,
wherein a reference trajectory of the state of charge of the
power storage battery 1s determined from a model of
the power storage battery and an optimised battery
power setpoint, said optimised battery power setpoint
being determined from the total power setpoint, and

regulation via closed-loop feedback control of the state of
charge of the power storage battery 1s performed to
impose tracking by the state of charge of the power
storage battery, of the reference trajectory of the state of
charge of the power storage battery.

12. A non-volatile computer readable medium comprising
a memory storing program code instructions for execution of
the steps of the method for controlling a power storage
battery according to claim 11, when said program is run on
a computer of a control central controlling a power storage
battery and reading the memory of said non-volatile com-
puter readable medium.
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